Introduction: Histopathological effects of ethanol extract of Adenium obesum stem bark on the liver of Clarias gariepinus was investigated over a 96-h exposure period as an effective organic piscicide. Materials and Methods: An acute static toxicity bioassay was performed after a preliminary concentration range finding test was conducted. Results: Exposed fish showed adaptation behavioural changes with those of respiratory distress and abnormal nervous signs of toxicity, which was concentration-dependent. Mortality was recorded in some of the exposed fish while a median lethal concentration of 7.15 mgL -1 was established for the extract in the exposed fish. Non-significant (p>0.05) changes were recorded in serum aspartate aminotransferase, alanine aminotransferase and alkaline phosphatase activities of the exposed fish. Moderate liver damage was observed in the exposed fish based on the degree of tissue change (DTC) grading where significant (p<0.05) differences were observed between the DTC of the exposed groups and the control. Conclusion: Ethanol extract of A. obesum stem bark was toxic to the exposed fish with evidence of hepatotoxicity and therefore, can be used to eradicate the hardy C. gariepinus from aquatic environments.
Introduction
Although Clarias gariepinus is indigenous to Africa (BRUTON, 1976; PICKER and GRIFFITHS, 2001) it is absent from the Maghreb, Upper and Lower Guinea and Cape provinces (FOOD…, 2011) . However, the fish has been introduced into Europe, Asia and South America in recent times (FOOD…, 1992) . Clarias gariepinus is reportedly a widespread invasive fish species, which is suspected to be a major threat to native fish fauna (CASAL, 2006; SILVA, NGUYEN, TURCHINI et al., 2009) in addition to being a weed fish in earthen ponds prior to the stocking of desired fish stock. This is due to its ability to adapt to diverse environments even with poor water quality due to its accessory breathing organs (HETCH, OELLERMAN and VERHEUST, 1996) along with its high fecundity, flexible phenomenon, wide habitat preferences and environmental tolerance as well as their ability to feed on a wide range of prey (BRUTON, 1986) .
There is therefore, a need to eradicate these hardy air-breathing fish from new habitats or earthen fishponds before re-stocking in order to safeguard native fish species or desired fish stock in earthen aquatic ponds. This is an important step in effective aquatic pond management as the former compete and/or prey on the later in addition to being able to surviving in moist burrows and mud even when such earthen ponds are drained (AYOTUNDE, OFFEM and BEKEH, 2011) . Although air-breathing fish are normally resistant to toxicants (KULAKKATTOLICKAL and KRAMER, 1988) , the use of synthetic chemicals to eradicate them from aquatic environments is well documented (TERAZAKI, THARNBUPPA and NAKAYAMA, 1980; GRIBGRATOK, 1981; MARKING, 1992) . However, these synthetic chemicals are known to cause environmental pollution (MONDAL, BARAT and MUKHOPADHYAY, 2007) due to their harmful residues in aquatic environments (KOESOMADINATA, 1980; CAGAUAN and ARCE, 1992) . Emphasis has now shifted globally towards the use of plants that are poisonous to fish or piscicidal plants instead as effective alternatives (SINGH, SINGH, MISRA et al., 1996; FAFIOYE, 2005) where such practices have also been documented (MURPHY and WILLIS, 1996; LINTERMANS, 2000 , VAN ANDEL, 2000 CAGAUAN, GALAITES and FAJARDO, 2004) . This is because piscicidal plants are more environmentally friendly in terms of easy bio-degradation with little or no residues in the environment (STALIN, KIRUBA and DAS, 2008) .
Adenium obesum is a typical piscicidal plant (ADAMU, ABAYEH, AGHO et al., 2005; OYEN, 2008) . Although the plant is indigenous to the Sahel region of Africa, Central Africa and the Arabia peninsula (PLAIZIER, 1980; ARBONNIER, 2004) , it is also found worldwide where they are usually cultivated for ornamental purposes (OMINO and KOKWARO 1993; HASTUTI, SURANTO and SETYONO, 2009 ). This is due to its characteristic "showy" flowers (ZORLONI 2000) . The piscicidal activity A. obesum is known globally (ADAMU, ABAYEH, AGHO et al., 2005; OYEN, 2008; BADWEN-DAVIS, 2010) . However, there is paucity of information on histopathological effects of the plant on some organs of exposed fish thereby necessitating the work. Therefore, the study evaluates histopathological changes in the liver of African catfish, C. gariepinus exposed to ethanol extract of Adenium obesum stem bark.
Materials and Methods

Plant extraction
Adenium obesum were collected from the open fields of Rurum town, Rano Local Government Area, Kano State, Nigeria between the Months of January -April, 2011. Mallam Musa Mohammed authenticated the plant at the Herbarium, Department of Biological Sciences, Ahmadu Bello University (A. B. U.), Zaria, Nigeria where a specimen was already deposited (Voucher No. 1386) . The barks were sun-dried and pounded into powder after removing them from the stems. A total of 3.95 kg of the powder was macerated in 21 L of ethanol (96.0% vol. Sigma-Aldrich  Inc., St. Louis, MO 63178, USA) for 3 days (72-hour) in a separation funnel whose mouth was plugged with cotton wool. The extract was concentrated to dryness in an evaporation dish at room temperature until constant weights were obtained (ABU-DAHAB and AFIFI, 2007).
Fish toxicity bioassay
Adult Clarias gariepinus were purchased from a commercial catfish farm (Fannasson Investments Limited, Kano, Nigeria) and authenticated at the Fishery Section, Department of Biological Sciences, A. B. U., Zaria, Nigeria. Experimental fish were acclimatizated under natural day and night photo-periods (12/12-hour) for 21 days in a rectangular plastic pond (1.54 × 1.05 × 0.75 m) whose water was changed completely once in every three days. Fish were fed to ad libitum twice daily with 6 mm Coppens  fish feed for aquaculture (Coppens  International bv., 5700 AM Helmond, Holland). During the acclimatization period, experimental fish were observed for disease conditions and mortality (ORGANIZATION…, 1992) . Feeding was stopped 24-h prior to and during the 96-h exposure period in order to prevent interference with stomach contents and wastes in the fish culture water (SMITH, SHAW and HANDY, 2007; OLUFAYO, 2009 ) Signs of toxicity were monitored and promptly recorded.
Fish toxicity bioassay involved the exposure of 126 adult Clarias gariepinus of 265.50 ± 4.03 g mean weight and 32.85 ± 0.16 cm mean total length to 6.25 mgL -1 , 7.50 mgL -1 , 8.20 mgL -1 , 8.80 mgL -1 and 9.30 mgL -1 of the extract and a control based on the Organization… (1992) in triplicates over a 96-h exposure period to determine the median lethal concentration (LC 50 ) using the Probit and logit method (FINNEY, 1971 ). This was after performing a preliminary concentration range finding test to determine the five different extract concentrations used along with the control as described by Fafioye (2001) .
Biochemical analyses
At the end of the 96-h exposure period, seven surviving fish per exposure group were randomly selected for blood sampling. However, only the surviving six, five and three fish from the groups exposed to 8.20 mgL -1 , 8.80 mgL -1 and 9.30 mgL -1 of the extract were sampled. Blood were collected via caudal vene-puncture as described by Kori-Siakpere, Ake and Idoge (2005) and dispensed into sample bottles without any anticoagulant for biochemical analyses. These were allowed to clot and centrifuged at 1,006 g for 10 minutes to obtain the serum. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were determined using the Reference method by International Federation of Clinical Chemistry (SCHWARTZ, CEDIEL, CURNOW et al., 1985) using an auto-analyzer (Bayer Express Plus, Model 15950, Germany). Enzymatic hydrolysis method as described by King and Armstrong (1934) was used to determine the alkaline phosphatase (ALP) activity.
Histopathological analyses
At the end of the 96-h exposure period, survivors were euthanized with 40% ethyl alcohol (FAFIOYE, FAGADE and ADEBISI, 2005) . The liver was harvested, fixed in 10% neutral buffered formalin prior to paraffin embedding, sectioning at 5 µm and staining with haematoxylin and eosin (ROBERTS, 1978; BANCROFT and COOK, 1994) for histopathological examinations under light microscopy.
The degree of tissue change (DTC) method as described by (POLEKSIC and MITROVIC-TUTUNDZIC, 1994) was modified and used to determine the nature and severity of lesions in the sampled liver. Lesions in the liver were progressively classified in stages of tissue damage, respectively where the sum of the number of lesion types within each of the three stages multiplied by the stage coefficient gives numerical values of the DTC using the formula: DTC = (1 × ∑ I) + (10 × ∑ II) + (100 × ∑ III). Lesions that did not alter the normal functioning of the liver were classified as Stage I lesions. Lesions that were more severe and impaired the normal functioning of the liver were classified as Stage II lesions. Lesions that were very severe and induced irreparable liver damage were classified as Stage III lesions. The results were graded and interpreted as follows: 0 -10 (normal liver tissue); 11 -20 (slightly damaged liver); 21 -50 (moderately damaged liver); 50 -100 (severely damaged liver); >100 (irreversibly damaged liver).
Statistical analyses
Data were expressed as mean (± SEM) and subjected to ANOVA and Tukey's multiple comparison test for statistical significance at p<0.05 using GraphPad software programme (GraphPad Prism, version 4.0, San Diego, California, USA.). The DTC between exposed groups and the unexposed control group were compared for statistical significance (p<0.05) using the same GraphPad software programme.
Results
The exposed fish showed various signs of toxicity ranging from uncoordinated movements, repeated attempts to jump out of reconstituted extracts and excessive mucous secretions to increased opercula movements, exposed snouts, adoption of different postures and sudden darts. Mortality was recorded in some of the exposed fish (Table 1 ) resulting in the establishment of an LC 50 value of 7.15 mgL -1 for ethanol extract of A. obesum stem bark in the exposed C. gariepinus over the 96-h period. Mortality was significantly (p<0.05) concentration-dependent.
Changes in serum liver enzymes in the exposed fish are presented in Table 2 . There were increased AST and ALT activities with decreased ALP activity in C. gariepinus exposed to ethanol extract of A. obesum stem bark but these changes were non-significant (p>0.05) with increasing extract concentration. Histopathological changes in the liver of C. gariepinus exposed to ethanol extract of A. obesum stem bark are as shown in Figure 1 lesions). Although histopathological lesions were observed in the exposed and unexposed fish, those in the unexposed control groups were to a lesser extent. However, the severity but not the type of the observed lesions in the exposed fish was concentration-dependent. There was moderate damage to the liver of C. gariepinus exposed to ethanol extract of A. obesum stem bark based on the cumulative DTC value of 42.31 ± 9.23. There were significant (p<0.05) differences between the DTC of the exposed and the unexposed control group as shown in Table 3 .
Discussion
The observed repeated attempts to jump out of reconstituted extracts with excessive mucous secretion were adaptation behavioural responses to escape from the toxic aquatic environment in addition to trying to coat body surfaces so as to limit the absorption of the toxicant (ABALAKA and AUTA, 2010). The increased opercula movements with continuous snout exposure could be due to respiratory distress while the adoption of different postures with sudden darts might be due to nervous compromise (ABALAKA and AUTA, 2010). Similar signs of toxicity were reported in C. gariepinus exposed to Caraca papaya and Nicotiana tobaccum (AYOTUNDE, OFFEM and BEKEH, 2011; KORI-SIAKPERE and OVIROH, 2011) . This is in addition to hyperactivity and uncoordinated movements observed in ticks exposed to aqueous extract of A. obesum stem back (MGBOJIKWE, 2000) . The presence of obvious signs of toxicity, including mortality in some of the exposed fish affirmed the global use of A. obesum to kill fish (ADAMU, ABAYEH, AGHO et al., 2005; OYEN, 2008) . Although changes observed in AST, ALT and ALP activities of the exposed fish were non-significant (p>0.05), the extract did cause some forms of liver damage. This is because these serum enzymes are sensitive indicator of even minor cellular damage (PALANIVELU, VIJAYAVEL, BALASUBRAMANIAN et al., 2005) where ALT is more hepato-specific compared to AST activity (HERFINDAL and GOURLEY, 2000) .
Fish liver is one of the organs that is most affected by toxicants in the water (RODRIQUES and FANTA, 1998) 1.00 (± 0.57) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00) 4.67 (± 1.20) 5.00 (± 1.00) 3.33 (± 0.33) 3.33 (± 0.33) 0.33 (± 0.33) 0.00 (± 0.00) 1.00 (± 1.00) 0.00 (± 0.00) 0.67 (± 0.67) 0.00 (± 0.00) 0.67 (± 0.33) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00) 0.00 (± 0.00) 6.00* 5.33* 5.00* 3.33 1.00 0.00 85.71 76.14 71.43 47.57 14.28 0.00 *Statistically significant (p<0.05) compared to the control. due to the fact that it is the organ that is most associated with detoxification and biotransformation process because of its function, position and blood supply (VAN der OOST, BEYER and VERMEULEN, 2003) hence the lesions that usually observed in their liver (ROCHA and MONTEIRO, 1999) . The observed congestion and haemorrhage were vascular responses to the toxicity of the extract in the exposed fish. Increased vacuolations of the hepatocytes could be indicative of fatty change, which are pathological responses in toxic exposures (HINTON and LAUREN 1990; PACHECO and SANTOS, 2002; WOLF and WOLFE, 2005) . Although feed withdrawal (starvation) prior to and during the 96-h exposure period could have contributed to the vacuolations in the liver of the exposed fish, the fact that these changes were more pronounced in the liver of the exposed fish compared to those of the control fish showed that it might be due to metabolic disturbances resulting from the toxic exposure. The observed liver fatty change might be due to either excessive mobilisation of fat to the liver thereby exceeding its capacity to metabolise it or liver damage such that it cannot adequately metabolise the fat (MOHAN and MOHAN, 2011) . However, such steatosis is usually reversible except in some extreme cases, resulting in disturbed functional efficiency of the affected liver (COTRAN, KUMAR and COLLINS, 1999; MOHAN and MOHAN, 2011) . Tissue hypoxia caused by gill epithelia damage in the exposed fish could have caused the observed hepatic lesions (COUCH, 1975; MOHAMMED, 2001) .
Conclusion
The ethanol extract of A. obesum stem bark was toxic to the exposed C. gariepinus with evidence of histopathological hepatotoxicity and therefore, can be used as an effective organic piscicide to eradicate fish from aquatic environments in order to help safeguard native species and/or the stocked desired fish species.
